
Conceptual Framework for Studying the Effects of 
Reduced Nitrogen Inputs to the Delta

SFEI:  David Senn, Amy Richey, April Robinson
USGS: Tamara Kraus, Anke Mueller-Solger



 Regional San Monthly-averaged Ammonium (NH4) Loads (kg d-1)

15000

10000

5000

0

1980 1990 2000 2010 2020

Figure A.X: (likely to go in appendix)  Regional San NH4 loads vs. time.Data: Jassby 2008, LWA 2017, Regional San pers. communication 2
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How will Delta and nSFE habitats respond to this 
abrupt and seemingly large change? 

What intensive investigations and longer-term 
monitoring are needed to characterize and quantify 
the effects?

What baseline data are needed to capture 
pre-upgrade conditions?
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Louise Conrad DWR Fish, aquatic vegetation

Larry Brown USGS Food webs

Carol Kendall USGS Isotope geochemistry

Tim Otten Bend Genetics Harmful algae

Chris Francis Stanford N cycling, microbes

Jan Thompson USGS Benthic ecology

Wim Kimmerer SFSU-RTC Zoop ecology

Alex Parker CSUM Phytoplankton ecology

Raphe Kudela UCSC Phytoplankton ecology

Brian Bergamaschi USGS Biogeochemistry

Dave Senn SFEI Biogeochemistry

Tamara Kraus USGS Biogeochemistry

Anke Mueller-Solger USGS Phyto/Zoop ecology

Amy Richey SFEI Ecology

April Robinson SFEI Wetland ecology

Dylan Stern DSP Environmental science/policy

Project Team

Meetings:

July 13 2017

August 3 2017

November 2017

*
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*
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a: e.g., Glibert 2010; Glibert et al., 2011, 2016

Beneficial Uses

Mechanistic link well-established in some estuarine and 
freshwater ecosystems. 

Mechanistic link hypothesized by some studies, but uncertain 
or not well-established

Potential Adverse Impact Pathways

a

b

b: e.g., Dugdale et al 2007; Dugdale et al., 2016

Elevated NH4 or 
altered N:P

Increased total 
N and P

SFEI 2014
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Nutrients:
- “Local” loads: within c.v. or 
across boundary into c.v. 

- Ambient concentration
 

Microbes
Benthos

Fish, Wildlife

Zooplankton

Dissolved 
Oxygen

Water Consumption

Recreation

Aesthetics

Fisheries

Material/Energy flow (substrate, food)

Aquatic resource or 
beneficial use to be 
protected

More detailed conceptual models and mechanisms relevant to potential 
effects of changes to Regional San’s nutrient loads. 

Influence path

Potential impact on humans 

Possible influence, but uncertain or limited effect considering current project’s focus

Upstream processes or factors that influence “starting conditions” within control 
volume, or on-going processes/factors acting on or within  control volume

Phyto 
Assemblage

HABs + 
Toxins

Native

Invasive

Submerged 
vs.

Emergent

Rooted 
vs.

Floating

Phytoplankton

Macrophytes

Phyto 
Biomass



Decisions to support
 priority investigations

(??)

Studies launched! 
Well-vetted, high-priority 
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Which areas of the Delta would potentially be most 
influenced by load changes from Regional San?

will depend on multiple factors, including…

1. Contribution of Sacramento River water to the ‘mix’ at a given site.
○ f(x,y,t): 

■ t ← seasonal cycles, interannual variability

2. The magnitudes of biogeochemical processes/transformations that occur 
along the flow path Regional San → (x,y)
○ f(x,y,t)

■ t ← seasonal cycles, interannual variability
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SFEI 2015 (Novick et al. 2015)





Figure Nuts.4. Idealized comparison of current and hypothesized-future concentrations along the Sacramento River main stem 
during winter/early-spring and summer. On the x-axis, zero represents discharge location. In terms of distance, the right-hand 
limit corresponds approximately to Chips Island, at the far east of Suisun Bay.  
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Figure Nuts.6  Semi-quantitative representation of relative changes in DIN, NH4, and NO3 
concentrations as a function of the age of Sac River water containing effluent (time since discharge) 
and time of year.
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Will nutrient concentrations return closer to ~1980 levels? 

Many other factors and changes afoot...
ᵼQ and ᵼflow-routing
ᵼlanduse 
ᵼgrazers  
ᵼT 
ᵼkatt 
…

So, probably not.  But past observations perhaps serve as an informative starting point for this current effort... 
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How have late-spring/summer (May-Sep) ambient concentrations varied over time?

Station C3 NH4 (µM)

Data : DWR-EMP

SFEI 2015 28



Median NH4 concentrations in 1990s-2000s were 1.5-2x those in early-1980s

How have late-spring/summer (May-Sep) ambient concentrations varied over time?

Mid-
1990s

Early- 
1980s

Station C3 NH4 (µM)

Mid-
2000s

Dashed line boxes represent range 
of monthly medians during May-Sep

Data : DWR-EMP

SFEI 2015 29



Median DIN concentrations in 1990s-2000s were 1.25-1.5x those in early-1980s.

How have late-spring/summer (May-Sep) ambient concentrations varied over time?

Mid-
1990s

Early- 
1980s

Station C3 DIN (µM)

Mid-
2000s

Dashed line boxes represent range 
of monthly medians during May-Sep

Data : DWR-EMP

SFEI 2015 30



How have late-spring/summer (May-Sep) ambient concentrations varied over time?

Mid-
1990s

Early- 
1980s

Station D19 NH4 (µM)

Mid-
2000s

Dashed line boxes represent range 
of monthly medians during May-Sep

Data : DWR-EMP

SFEI 2015 31



How have late-spring/summer (May-Sep) ambient concentrations varied over time?

Dashed line boxes to left and right 
represent range of monthly medians 
during May-Sep

Mid-
1990s

Early- 
1980s

Station D19 DIN (µM)

Mid-
2000s

32



Decreased toxin 
accumulation in zoops 
and benthos

Decreased HAB 
event magnitude

Decreased toxin 
concentrations

Not relevant to HABs

2.1.a
All conditions 
are met

Decreased wildlife 
exposure via foodweb

Decreased direct 
exposure to wildlife

Decreased toxins in 
water supply

2.2

2.1.b
One or more 
conditions not 
met

2.3a Transport + cell lysis

2.2 Decreased HAB 
abundance translates into 
overall decreased toxin 
production 2.3b Transport, in tact cells or cell lysis, 

bioavailable toxins

2.4a

2.4b

No change in 
ecosystem health

Decreased [NH4] 
(x,y,t)

2.1
- Decreased [NH4] in warm months
- Ecologically-meaningful higher growth rate 

on NH4 than NO3
- Long-residence time
- Poor vertical mixing
- Sufficiently high temperatures

2.4c

2.4d

Phytoplankton Scenario 2
HABs/toxins/NH4 (P.2)



Biomass: 
HAB + other 

taxa
(x,y,z,t)

Incident light 
f(doy, season)

 Nutrients (x,y,z,t)
- Loads entering control vol.
- Concentration
- NH4 vs NO3 vs. DON
- N:P:Si
- micronutrients

Microbes Benthos Zooplankton

Assemblage 
HA + other 

taxa 
(x,y,z,t) 

Material/Energy flow (substrate, food)

Possible influence, but uncertain or limited effect considering 
current project’s focus

Attenuation
- SPM
- DOM
- self-shading
- macrophyte density

f(x,y, water source)
f(time = season, trends)

PAR(x,y,z,t)

Taxa-specific growth requirements

HABs and Phycotoxins

Climate
Clouds
Wind
Tair

Twater

Stratification, mixing

f(x,y,)
f(time = season, 
trends or events)

f(x,y, season, 
trends or events)

f(x,y, season, 
trends or events)

- affinity for N, P, Si
- Growth vs. T, light, sal
- T-light-sal-nutrient interactions

Flows
- Source mix
(SAC, SJR, …)
- Flow rate 
- Flushing rate

Additional details along this pathway that are relevant to this  
outcome, i.e., nested conceptual model 

b

Toxins
(x,y,z,t)

Fish, 
Wildlife

Influence path

Water Use: 
Quality, 

Maintenance

ca

1

2

3
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Potential Phytoplankton Responses...all are f(x,y,t)

Phyto.1 Overall Productivity and Biomass 
- Increase,  Decrease, No change

Phyto.2 Change in Assemblage 
- Increase in A1 , A2 , A3...
- Decrease in B1 , B2 , B3…
- No change

Potential Nut Responses 
...all are f(x,y,t)

N.1 Decreased [NH4]

N.2 Increased [NO3]

N.3 Decreased [DIN]

N.4 Change in DIN:PO4

N.5 DON or PN increase/decrease

N.6 De minimis change

Other Physical/Biological Factors
...all are f(x,y,t)

F.1 Temperature

F.2 PAR/light penetration

F.3 Residence time

F.4 Vertical Mixing

F.5 Grazers

F.X Change in above (e.g., F.X.1 
Increasing Temperatures)

Phytoplankton

ZP  (feedbacks)

ZF  (feedbacks)

Potential HAB responses...all are f(x,y,t)

HAB.1 HA Productivity or Biomass (seasonal, annual)
- Microcystis: Increase, Decrease
- Other taxa: Increase, Decrease

HAB.2 Toxin Production
- Increase, Decrease, No Change

N.d.x
F.d.x
P.d.x

dependencies

P.d.1 
P.d.2









SFEI 2015

Substantial seasonal and interannual variability…

Predictable?



Example seasonal cycles, need to select some 
better stations



2 EOFs explained 73% of variance







“The 2014 Microcystis bloom 
had the highest biomass and 
toxin concentration, earliest 
initiation, and the longest 
duration, since the blooms 
began in 1999. “






